in females, the highest sebum content was found on the forearm and the forehead in the age groups 13-35 (61.91 8 6.12 g/cm 2 ) and 51-70 years (7.54 8 2.55 g/cm 2 ). The forehead sebum content was higher in males aged 13-70 years than in age-matched females; the sebum content on the forehead in both males and females was higher than that on the forearm. Skin surface pH on the forehead of both males and females over the age of 70 years was higher than that in younger groups. SC hydration on the forehead in both males and females was lower above the age of 70, and the one in males aged 13-35 was higher than that in females (43.99 8 1.88 vs. 36.38 8 1.67 AU, p ! 0.01). SC hydration on the forehead in both males and females did not significantly differ from that on the forearm. Conclusions: In a large Chinese cohort, the skin surface pH, sebum content and SC hydration vary with age, gender and body site.
ity barrier function, because these parameters can indicate not only skin condition, but also the systemic status of the human organism. For example, decreased SC hydration and altered permeability barrier function are associated with some skin disorders, such as atopic dermatitis, psoriasis and ichthyosis [1] [2] [3] [4] [5] . Malnutrition (such as essential fatty acid deficiency) [6, 7] and psychological stress also alter epidermal permeability barrier function [8] [9] [10] [11] . Moreover, a higher skin surface pH and lower SC hydration are found in hemodialysis patients and subjects who recovered from leprosy [12] [13] [14] [15] . Furthermore, skin surface pH and the gradient differ from normal in both X-linked recessive and autosomal dominant ichthyoses [16] . Additionally, both skin temperature and sebum content decrease significantly on the forehead of menopausal women, and SC hydration declines in postmenopausal women [17] . On the other hand, systemic administration of estrogen improves SC hydration, and topical estrogens improve skin elasticity and skin firmness, suggesting that hormones regulate the physical properties of the skin [18] [19] [20] . Development of many pharmaceutical and skin care products has relied upon what is known about these parameters. Finally, measurement of skin capacitance is used to evaluate the efficacy of skin care products in SC hydration, and transepidermal water loss has been used as one of the indicators to assess the therapeutic efficacy and clinical status of some skin disorders [21] [22] [23] [24] [25] [26] .
Likewise, with regard to the effects of aging and gender on skin physiology and despite a number of available publications, the results are inconclusive. For example, Marrakchi and Maibach [27] demonstrated that sebum content on the forehead in the aged (aged 66-83 years) is higher than in a younger cohort (aged 24-34 years), while no differences in sebum content between young and old subjects have been observed in another study [28] . In contrast, the sebum content is significantly higher in younger than in older subjects [29, 30] . Although skin surface pH is reportedly higher in females than in males [31, 32] , a lower surface pH has also been reported in females [33, 34] . Regarding SC hydration, the results are also contradictory, which is largely due to the limited number of subjects studied. Furthermore, few data are available comparing skin physiology in prepubertal children with other developmental stages. Finally, most published data on skin physiology are from the studies in Caucasians. Thus, little is known about skin physiology in Asians, especially Chinese, whose skin could differ from that of Caucasians in some respects. It has been shown that the skin of older Caucasian women is drier than that of Chinese women [35] . In the present study, we measured the sebum content, skin surface pH and SC hydration on both sebum-enriched and sebum-impoverished sites in males and females aged 0.5-94 years in a large normal Chinese population.
Subjects and Methods

Subjects
A total of 713 volunteers, 328 males and 385 females aged 0.5-94 years, were enrolled in this study ( table 1 ). All subjects had no systemic or skin disorders which could influence skin surface pH, hydration and sebum content at the study sites. According to their developmental stage, the subjects were divided into 5 age groups, i.e., 0-12 years old (prepuberty group), 13-35 (young group), 36-50 (middle age), 51-70 (old group) and over 70 years (older) . No skin care products were applied to the measured sites 24 h prior to the measurement being taken, and the measured sites were not washed with soaps or surfactants for at least 12 h prior to the study.
Measurements
All measurements were performed by dermatologists. Surface sebum content, SC hydration and skin surface pH were measured on the forehead and the forearm (flexor site) with respective probes (Sebum Cassette, Corneometer CM825 and pH 905) attached to a Courage & Khazaka MPA5 system [36, 37] . All subjects rested for at least 30 min at 22-24 ° C, at a relative humidity of 45-55%, prior to measurement. This work was performed between February and May (spring time) at the Dalian Skin Disease Hospital, which is at a latitude of 38°43 to 40°10 north. The study protocol was approved by the Human Research Committee of Dalian Skin Disease Hospital, The People's Republic of China.
Statistics
Graph Pad Prism 4 software was used for all statistical analyses. Notably, repeated-measures ANOVA could not be performed in this study, since the measurements in each group were not from the same individual, and the groups differed both in size and subject age [38] . Instead, a one-way ANOVA analysis, with Tukey correction, was used to determine significant differences, when 3 or more groups were compared, while an unpaired t test with Welch's correction was used for comparisons between 2 groups. Data were expressed as means 8 SEM. 
Results
Sebum Content Varies with Age, Gender and Body Sites
We first assessed the sebum content on a sebum-enriched site, the forehead, and a sebum-impoverished site, the forearm, in both males and females at various ages. In females aged 13-70 years, the sebum content on both the forehead and the forearm was significantly higher than that in females aged 0-12 years or over the age of 70 ( fig. 1 a, b) . The sebum content on the forehead in males aged 0-12 years was significantly lower than that of males aged 13-70 years and over the age of 70 ( fig. 1 c) ; that on the forearm was significantly higher in males aged 13-70 than in those aged 0-12 ( fig. 1 d) . There was no significant difference in sebum content on the forearm in males between the groups aged 0-12 and over 70 years. Overall, males tended to have a higher sebum content than females. The sebum content on the forehead of males aged over 13 years was significantly higher than that in females of comparable age ( fig. 2 a) . Additionally, the sebum content on the forearm of males aged 13-35 years was also significantly higher than that in females of the same age ( fig. 2 a) . Yet, changes in sebum content showed a comparable maximum with a peak at around the age of 40 years in females and 50 years in males ( fig. 3 a, b) , and accordingly, the sebum content declined earlier in females than in males.
Skin Surface pH Varies with Age and Gender, but Not Body Site
Previous studies from our group have demonstrated that skin surface pH increases after the age of 50 [36] . In the present study, a higher skin surface pH also occurred in older age groups ( fig. 4 ). In females, skin surface pH on the forehead was significantly lower at the age of 0-12 than that in older age groups ( fig. 4 a) . Yet, skin surface pH on the forearms of females did not differ among the age groups ( fig. 4 b) . In males, the highest skin surface pH on both the forehead and the forearm was found in the group aged over 70 ( fig. 4 c, d ); there were no differences among males aged 0-12, 13-35, 36-50 and 51-70 years. Skin surface pH on the forehead of females aged 13-70 and the forearm of those aged 0-12, 36-50 and 51-70 was significantly higher than that in age-matched males ( fig. 2 b) . The skin surface pH in females aged 13-35 was higher on the forehead than on the forearm (5.71 8 0.066 vs. 5.40 8 0.060, p ! 0.001). In other age groups, there were no differences in skin surface pH between the forehead and forearm in either males or females. Overall, there was a positive linear correlation between skin surface pH and age ( fig. 5 a, b) . 
SC Hydration Significantly Varies with Age
As seen in figure 6 a, SC hydration on the forehead in females aged over 70 years was significantly lower than that in females under the age of 70 except in the group aged 13-35. However, there was no significant difference in SC hydration on the forearm in females among all age groups ( fig. 6 b) . In contrast to females, SC hydration on the forearm in males aged 13-70 was significantly higher than that in the age group over 70 ( fig. 6 d) . And SC hydration on the forearm in males aged 0-12 was significantly lower than that of those aged 36-50 ( fig. 6 d) . SC hydration on the forehead in males aged over 70 was also signifi- cantly lower than that in groups aged 13-35 and 36-50 years ( fig. 6 c) . There were no differences in SC hydration between the forehead and the forearm in males. SC hydration on the forehead was higher in males aged 13-35 than that in females ( fig. 2 c) . The changes in SC hydration over the lifetime also show typical curves, with the peak at around the age of 40-50 years in both females and males on both the forehead and the forearm ( fig. 7 a, b) .
Previous studies have demonstrated that sebum is a major source for glycerol, which, in turn, regulates SC hydration [37, 39] . We therefore next assessed the correlation of SC hydration with sebum content. As seen in fig- fig. 8 a, b) . In contrast, there is no significant correlation between SC hydration and sebum content on the forehead of males ( fig. 8 d) .
Discussion
While previous studies were designed to compare skin physiology in young and old skin, here we compare multiple parameters over the whole spectrum of ages in both males and females. In agreement with previous findings [27, 36, 40] , our results show that skin surface pH increases in the aged compared to the young group although no difference in skin surface pH on the forearms between old and young subjects was reported by others [28] . In contrast to the previous findings in 10 subjects studied in the USA [27] , our results did not show any significant difference in skin surface pH in either males or females between the forehead and the forearm in all age groups. This result is in agreement with others [41] . Although the study on Caucasians aged 26-59 years showed that fe- males have a lower skin surface pH on the forearm and axilla [33, 34] , studies here demonstrated that skin surface pH on both the forehead of females aged 13-70 and the forearm of females aged 36-70 was higher than that of males. The difference may be due to sample size and/or the subjects' ethnicities. The elevated skin surface pH in an aged group is attributable to the decrease in epidermal expression of Na/H + exchange 1, which is one of the key factors regulating skin surface pH [36, 42] .
It has been reported that the sebum content on the forehead in an older group is either not different from young subjects or higher than in a young group (study conducted in San Francisco, Calif., USA) [27, 28] . However, our results demonstrated that the sebum content on both the forehead and the forearm in females aged 13-70 years is significantly higher than in those under 13 and over the age of 70. And the sebum content on both the forehead and the forearm in males aged 0-12 is also significantly lower than that in other age groups. These differences may be due to sample size and/or ethnicity studied. Additionally, the sebum content on the forehead in males aged over 12 is higher than in females, which is consistent with the findings of others [29] [30] [31] . Interest-ingly, the sebum content curve on the forehead occurs earlier in females than in males over the lifetime. It is well known that sexual hormones influence sebum production [43] [44] [45] . Prior studies demonstrated that sebum production rates correlate positively with testosterone levels in both sexes, and with dehydroepiandrosterone in males and etiocholanolone in females [46] [47] [48] . Maximum dehydroepiandrosterone sulfate levels occur at about 24 years of age in women and at about 30 years of age in men, and the levels in females and males decline at 50 and 60 years of age, respectively. In contrast, dehydroepiandrosterone levels reach a maximum at about 20 years of age in both women and men [49] . These results are consistent with our findings which demonstrate that the peak sebum content occurs in the 13-to 35-year age group, and the content declines earlier in females than in males. Thus, the variation of sebum content with age is most likely due to the change in sex hormone levels, especially in women whose sebum content on the forehead begins to decline at about the age of 50, when menopause occurs. Thus, the gender differences in sebum content should be considered in the formulation of skin care products.
In contrast to the previous finding that SC hydration on the forearm in the old (mean age 73.6) is higher than that in the young group (mean age 29.8) [27] , our results demonstrated that SC hydration on the forearm in males over the age of 70 is significantly lower than that in the group aged 13-70 years. In addition, a significant low SC hydration on the forehead in both males and females over the age of 70 was also observed in the present study. Cua et al. [50] reported no difference in SC hydration on either the forehead or the volar forearm between the old and the young. Again, the different results between ours and others may be due to either sample size or the subjects' ethnicities. It has been described that the dryness of skin in aged Caucasians and African-Americans is higher than that in the Chinese [35] . A previous study showed no difference in SC hydration between males and females at around 40 years of age [51] . However, our present study demonstrates gender differences in SC hydration in the group aged 13-35 years, which is consistent with our prior finding [52] . There are several factors contributing to the reduced SC hydration in the older group. Natural moisturizers in SC are key factors regulating SC hydration. It has been shown that there is a reduction in epidermal lipids in aged mice [53] . In addition, sebum levels are decreased in aged humans [51] . Moreover, SC lactate is also decreased in the older human in addition to the reduction in sebum content discussed above [54] . Thus, the reductions of these natural moisturizers in the SC could account for the lower SC hydration in the old. SC hydration plays important roles in cutaneous functions such as regulating epidermal proliferation, differentiation or inflammation [55] [56] [57] . Finally, so far this is the first documentation of the change curves of both sebum content and SC hydration over the lifetime. Not only similarity of these two curves, but also the correlation between sebum content and SC hydration further suggest the importance of sebum in SC hydration, as shown in earlier studies [37, 39] . Nevertheless, the present study indicates that SC hydration declines at the age of 50, suggesting that moisturizers are required at this age.
In summary, the present study shows that sebum content, skin surface pH and SC hydration vary with age, gender and body sites in a Chinese population. These changes, especially sebum content, are correlated with age. Whether these results in the Chinese population are comparable to those in other ethnicities is not known yet. Nevertheless, these results suggest that special care should be given to the skin in older individuals, particularly the Chinese.
